Abstract. pp mass threshold enhancement is studied using the data samples of J/ψ and ψ collected with BESIII detector in 2009. The enhancement is evident in J/ψ radiative decay, which is consistent with BESII result. No significant narrow enhancement is observed in ψ radiative decay. The study of J/ψ → γπ + π − η is also presented, it is also consistent with BESII result, which shows that the X(1835) is confirmed at BESIII.
INTRODUCTION
An anomalously strong pp mass threshold enhancement was observed by the BESII experiment in the radiative decay process J/ψ → γ pp [1] . In ref. [1] it was noted that when an S-wave Breit-Wigner resonance function is fitted to the pp mass distribution, the peak mass is below the pp mass threshold at M = 1859 ). An interesting feature of this enhancement is that corresponding structures are not observed in near-threshold pp cross section measurements, or in B-meson decays [2, 3] , or in radiative ψ or ϒ → γ pp decays [4, 5] , or in J/ψ → ω pp decays [6] . These non-observations disfavor the attribution of the massthreshold enhancement, which is uniquely observed in the J/ψ → γ pp decay process, to the pure effects of pp final state interactions (FSI).
This experimental observation stimulated a number of theoretical speculations [7, 8, 9, 10] . One of these is the intriguing suggestion that it is an example of a pp bound state, sometimes called baryonium [11] , which has a long history and has been the subject of many experimental searches [12] .
A resonance, the X(1835), was observed in the π + π − η invariant-mass spectrum with a statistical significance of 7.7σ at BESII [17] . A fit with a Breit-wigner function yields a mass M = 1833.7 ± 6.1(stat) ± 2.7(syst) MeV/c 2 , a width Γ = 67.7 ± 20.3 (stat) ± 7.7 (syst) MeV/c 2 , and a product branching fraction
The mass and width of X(1835) are not compatible with any known meson resonance.
In this talk, we report a study of the pp mass spectrum in the threshold region in the radiative decay of J/ψ and ψ via decah channels of ψ → π + π − J/ψ(J/ψ → γ pp), J/ψ → γ pp and ψ → γ pp, and a study of J/ψ → γπ + π − η with data samples of ∼ 220 × 10 6 J/ψ events and ∼ 110 × 10 6 ψ events accumulated by the upgraded Beijing Spectrometer (BESIII) in 2009, located at the Beijing Electron-Positron Collider (BEPCII) at the Beijing Institute of High Energy Physics.
BESIII DETECTOR
BESIII and BEPCII are major upgrades of the BESII detector and the BEPC collider. The BESIII detector is a large solid-angle magnetic spectrometer that is described in detail in Ref. [13] . The detector simulation is based on the GEANT4 package [14, 15] , a unique description of the detector geometry and materials, used by both the simulation and reconstruction package, has been developed based on XML [16] . The momenta of charged particles are measured in the cylindrical 43-layer main drift chamber (MDC) with a resolution of σ p /p = 0.98% 1 + p 2 (GeV/c) 2 . Particle identification is accomplished by specific ionization (dE/dx) measurements in the MDC and velocity measurements from a barrel-like arrangement of time-of-flight (TOF) scintillation counters. The dE/dx resolution is σ dE/dx /dE/dx = 6.0% and the TOF resolution for Bhabha event tracks is σ T OF = 83 ps. An electro-magnetic calorimeter (EMC), comprised of a barrel and two endcap sections, measures the energies and positions of electrons and photons with resolutions of σ E /E 2.5% E(GeV) and σ φ = 6 mrad. For the ψ → π + π − J/ψ(J/ψ → γ pp) channel, candidate events are required to have at least a photon and four tracks of charged particles (with a total net charge of zero).Selected events are required to have both an identified proton and an identified anti-proton and no particle identification is required for the two remaining tracks. Candidate J/ψ signals are identified by the invariant mass recoiling against the π + π − pair,
CONFIRMATION OF pp MASS THRESHOLD ENHANCEMENT AT BESIII
Further requirements of |U miss | < 0.05 GeV, where U miss = (E miss − |P miss |), and P 2 tγ < 0.0005 (GeV/c) 2 , where
, are imposed to suppress backgrounds from multi-photon events. Here E miss and P miss are, respectively, the missing energy and momentum of all charged particles, and θ γ is the angle between the missing momentum and the photon direction. The requirement |M π + π − pp − m ψ | > 0.03 GeV/c 2 is used to reduce the background from ψ → π + π − pp. Fig. 1 (a) shows the pp invariant mass distribution for surviving events. The distribution's features include a peak near M pp = 2.98 GeV/c 2 that is consistent in mass, width, and yield with expectations for ψ → π + π − J/ψ(J/ψ → γη c , η c → pp), a broad enhancement around M pp ∼ 2.2 GeV/c 2 , and a prominent low-mass peak at the pp mass threshold, similar to that reported by BESII [1] . The Dalitz plot for selected events is shown in Fig. 1(b) , where a band corresponding to the threshold enhancement is evident in the upper right corner.
Potential background processes are studied with an inclusive MC sample of 100M ψ events. The dominant background is from ψ → π + π − J/ψ(J/ψ → π 0 pp) events, with asymmetric π 0 → γγ decays where one of the photons has most of the π 0 energy. An exclusive MC sample of the ψ → π + π − J/ψ(J/ψ → π 0 pp) process, generated with a uniform phase space distribution, indicates that the level of this background process in the selected event sample with M pp − 2m p < 0.3GeV /c 2 is 9% of the total. To ensure further that the pp threshold enhancement is not due to background, each potential background process is studied with data. Non-J/ψ processes are studied using J/ψ masssideband events. For these there is no enhancement and their level of contamination of the selected event sample is about 2%. The dominant background channel, ψ → π + π − J/ψ(J/ψ → π 0 pp), is also studied with the data. None of background sources produce an enhancement at the threshold region of pp invariant-mass spectrum.
To characterize the pp threshold mass enhancement, we fit it with an acceptance weighted Breit-Wigner (BW) function of the form
where Γ is a constant (determined from fit), q is the proton momentum in the pp rest-frame, L is the pp orbital angular momentum, and k is the photon momentum, together with the background shape . Here, the background shape is described by the function of the form f bkg (δ ) = N(δ 1/2 + a 1 δ 3/2 + a 2 δ 5/2 ), where δ = M pp − 2m p and the shape parameters a 1 and a 2 are determined from a fit to selected γ pp events for ψ → π + π − J/ψ(J/ψ → γ pp) phase-space MC sample. The mass spectrum fitting with S−wave (L = 0) in the threshold mass region of M pp − 2m p < 0.3 GeV/c 2 is shown in Fig. 1(c) , and it yields a peak mass of M = 1865 ± 5 (stat) MeV/c 2 and a width of Γ < 33 MeV/c 2 at the 90%C.L. With high statistic J/ψ data, the decay channel of J/ψ → γ pp is also studied, and the corresponding pp mass spectrum and the Dalitz plot are shown in Fig. 2(a) and Fig. 2(b) . The threshold enhancement is also evident. The fitting in the pp mass spectrum with S−wave BW function is presented in Fig. 2(c) , and it returns a peak mass of M = 1861.6 ± 0.8 (stat) MeV/c 2 and a width of Γ < 8 MeV/c 2 at the 90%C.L. In the study of ψ → γ pp with ψ data, there is no significant narrow threshold enhancement as shown in Fig. 3 . It indicates that the strong pp threshold enhancement observed in J/ψ radiative decay is disfavored for the interpretation of pure final state interactions (FSI). 
Confirmation of X(1835) at BESIII
For the J/ψ → γπ + π − η (η → γρ) channel, candidate events are required to have at least two photons and four tracks of charged particles (with zero net charge). A four-constraint (4C) energy-momentum conservation kinematic fit is performed to the γγπ + π − π + π − hypothesis, the χ 2 4C is required to be less than 40 and also less than the χ 2 for the kinematically similar γγπ + π − K + K − hypothesis. The two photons with the smallest χ 2 γγπ + π − π + π − value are tagged. Events with |M γγ − m π 0 | < 0.04 GeV/c 2 , |M γγ − m η | < 0.03 GeV/c 2 , or 0.72GeV /c 2 < M γγ < 0.82 GeV/c 2 is rejected to suppressed the background from J/ψ → π 0
018 GeV/c 2 are used to select the signals of ρ and η . If more than one combination pass these criteria, the combination with M γπ + π − closest to η mass is selected.
The π + π − η invariant-mass spectrum for the selected events is shown in Fig.4 .(a) and significant peak at M ∼ 1835 MeV/c 2 is observed. If it is fitted with one resonance plus a polynomial background shape, the statistical significance of the resonance is about 18σ as shown in Fig.4.(b) .
For the J/ψ → γπ + π − η (η → π + π − η, η → γγ) channel, candidate events are required to have at least three photons and four tracks of charged particles (with zero net charge). At least three of the charged tracks are required to be identified as pion.A four-constraint (4C) energy-momentum conservation kinematic fit is performed to the γγγπ + π − π + π − hypothesis, the χ 2 4C is required to be less than 40 and also less than the χ 2 for the kinematically similar γγγπ + π − K + K − hypothesis. The three photons with the smallest χ 2 γγγπ + π − π + π − value are tagged. In order to reduce the background events from π 0 → γγ decay, we require |M γγ − m π 0 | > 0.04 GeV/c 2 for all γγ pairings. |M γγ − m η | < 0.03 GeV/c 2 is used to selected η signal. A five-constraint (5C) fit is used to construct η signal with χ 2 5C < 40, which can improve the resolution of η from 8 MeV/c 2 (for 4C) to 3 MeV/c 2 . For η candidates, we select π + π − η combination with |M π + π − η − m η | < 0.01 GeV/c 2 . If more than one combinations pass the above selection, the combination with M π + π − η closest to m η is chosen as the correct combination. The π + π − η invariant-mass spectrum for the selected events is shown in Fig.5 (a) and significant peak at M ∼ 1835 MeV/c 2 is also observed. If it is fitted with one resonance plus a polynomial background shape, the statistical significance of the resonance is about 9σ as shown in Fig.5(b) . 
Extensive studies of potential background processes using both data and MC is made, none can produce a peak around 1835 MeV/c 2 in the π + π − η . Fig.6 shows the π + π − η invariant-mass spectrum for the combined J/ψ → γπ + π − η (η → γρ) and J/ψ → γπ + π − η (η → π + π − η). This spectrum is fitted with a Breit-Wigner (BW) function convolved with a Gaussian mass resolution function. The mass and width obtained from the fit are M = 1842.4 ± 2.8(stat) MeV/c 2 and Γ = 99.2 ± 9.2 (stat) MeV/c 2 with a statistical significance of 21σ . These values are consistent with the published BESII results [17] . More studies will be performed on the high π + π − η mass region of 2.1 ∼ 2.5 GeV/c 2 .
SUMMARY
An anomalous strong, near-threshold enhancement in the pp invariant mass distribution is observed in the decay process of ψ → π + π − J/ψ(J/ψ → γ pp). If it is fitted with an S-wave Breit-Wigner resonance function, the peak mass is M = 1865 ± 5 (stat) MeV/c 2 and the width is Γ < 33 MeV/c 2 at the 90% confidence level. The enhancement is also evident for the study of J/ψ → γ pp using J/ψ data sample. These values are consistent with the published BESII results [1] . There is no significant narrow enhancement in ψ → γ pp, which indicated pure FSI interpretation of the narrow and strong pp threshold enhancement in J/ψ radiative decay is disfavored.
The resonance, X(1835) is confirmed in two decay modes of η for J/ψ → π + π − η . Whether there are two new resonances in the high mass region of π + π − η invariant-mass, further careful study is needed.
